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Strong spin-orbit coupled 4d and 5d transition 
metal based compounds such as (Nb/Ta)2Pdx(S/Se/Te)y 
have gained renewed research interests due to their 
exotic superconducting properties, such as 
exceptionally large upper critical fields, being 
surpassing the Pauli paramagnetic limit, Hp~1.84Tc, 
their multi band nature and pressure independent 
superconducting transition temperature (Tc) [1-8]. In a 
very recent experimental observations Lu et. al [6] first 
reported that Ta2PdxS5 exhibit metal to superconducting 
transition at around 6K with three times higher upper 
critical field, Hc2(0), to that as constrained by Pauli 
paramagnetic limit. This is theoretically explained by 
considering the multiband superconductivity in strong 
coupling regime [7].      
The Ta2PdxS6 compounds were first 
synthesized and characterized in mid 1980’s [9,10]. 
Following the available reports [1-8] on 
superconductivity of (Nb/Ta)Pd(S/Se/Te) compounds, 
the identification of right phase and composition of 
them seems to be the major issue yet.  Further, the role 
of Pd-centered square planer structure needs to be 
probed in detail to comprehend the extraordinary 
physical properties in Pd-based chalcogenide 
superconductor [1-8].  
Here in this short note, we report on the low 
dimensional 4d and 5d transition metals-chalcogenide 
based compounds i.e., Ta2PdxS6, showing 
semiconducting to superconducting transition around 
4K with upper critical field outside Pauli paramagnetic 
limit. On the other hand in Ta2PdxS5 phase, a metallic 
normal state with Tc~ 6K is seen [6]. It seems couple of 
different superconducting phases do exist in these new 
set of compounds. Our short note in this regards is 
thought provoking, asking to explore various unearthed 
possible superconducting phases in 
(Nb/Ta)2Pdx(S/Se/Te)y systems.      
In this study, we focus on the polycrystalline 
samples with nominal composition Ta2PdxS6; x= 0.97, 
0.94. The stoichiometric ratio of elemental powder of 
Ta, Pd and S in 2:x:6 were mixed thoroughly in Ar-
controlled glove-box and pelletized by uniaxial 100 
kg/cm
2
 stress. The pellets were sealed separately in 
evacuated quartz tubes and heated to 800
o
C and 850
o
C 
for 24h with intermediate grinding. The obtained 
samples are used for structural and transport 
measurements. The structure of the samples were 
identified by Rietveld refinement of powder XRD 
pattern recorded using Rigaku made machine with Cu 
Kα (λ=1.54Å) x-ray source. Resistivity of bulk samples 
were measured by standard linear four probe method on 
Quantum Design make Physical Property Measurement 
System (PPMS).  
Figure 1(a) shows the XRD patterns for 
Ta2Pd0.97S6 and Ta2Pd0.94S6 and their corresponding 
Rietveld refinements with two of their monoclinic 
phases with space group C2/m having two different 
stoichiometries i.e., Ta2PdxS6 and Ta2PdxS5 (x=0.97 and 
0.94).  
 
 
Figure 1 (Color online). Rietveld refinement for powder XRD 
patterns of compounds (a) Ta2Pd0.97S6 and (b) Ta2Pd0.94S6 
with monoclinic space group C2/m. The XRD patterns are 
refined simultaneously for the two different crystal structures 
(c) Ta2PdxS6 (magenta bars) and (d) Ta2PdxS5 (cyan bars), 
respectively. 
It is observed that though the samples were not 
single phase, the major phase (> 80% by volume 
fraction) in these samples belongs to composition 
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Ta2PdxS6, along with minor Ta2PdxS5 phase. The 
corresponding crystal structures are shown in figure 
1(b) and (c) respectively. The obtained lattice 
parameters for Ta2Pd0.94S6 phase are a=11.79Å, 
b=3.27Å, c=9.93Å, β=115.6o while for Ta2Pd0.94S5 the 
same are a=12.31Å, b=3.29Å, c=14.56Å, β=102.7o. A 
small increase in a and c lattice parameters is found for 
Ta2Pd0.97S6, which are close to earlier reported values 
for the same phase [10].    
Figure 2 (Color online). Temperature (T) dependences of 
resistivity (ρ) for compounds (a) Ta2Pd0.97S6 and (b) 
Ta2Pd0.94S6, whereas insets show ρ verses T at different 
applied magnetic fields upto 7 Tesla, respectively.   
Figure 2 shows the temperature dependences 
of electrical resistivity for compounds (a) Ta2Pd0.97S6 
and (b) Ta2Pd0.94S6 down to 2 K. A clear 
semiconducting normal state can be observed in 
variance to recent report by Lu et.al [6] which observed 
metallic normal state in Ta2PdxS5 stoichiometry. 
Ta2Pd0.97S6 (and Ta2Pd0.94S6) shows superconducting 
transition with onset temperature   
      
              and estimated dHc2/dT based on 90% 
criteria of normal state resistivity is -4.43Tesla/K (and -
3.53Tesla/K). The estimated Hc2 (0) is 12Tesla (and 
9.2Tesla), which is clearly above Pauli’s paramagnetic 
limit of 7.3Tesla for these 4K superconductors. For the 
determination of upper critical field we used the 
formula                
    
  
 
    
based on model 
developed by Werthamer Helfand and Hohenberg 
(WHH) true for BCS type superconductors [11]. These 
observations suggest entirely different and a new 
superconducting phase in Pd-based compound 
Ta2PdxS6. The detailed study is underway on role of 
sulfur stoichiometry on the structure and physical 
properties of Ta2PdxS6-δ based superconductors.         
In summary, we have synthesized Pd-deficient 
monoclinic compounds with major Ta2PdxS6 
stoichiometry. We have shown by temperature 
dependent resistivity measurements that Ta2PdxS6 have 
normal state semiconducting to superconducting 
transition at about 4 K. It is observed that these 
compounds are rather robust against external magnetic 
field. Observation of superconductivity in heavy 
transition metal-based chalcogenide may add to new 
dimensions in superconducting research.      
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